Antibiotics. These were obtained from Sigma and were added to media as freshly prepared solutions at the following final concentrations (pg ml-I): for A . calcoaceticus, kanamycin sulphate, 50; tetracycline hydrochloride, 5; for E. coli, sodium ampicillin, 50; kenamycin sulphate, 50; tetracycline hydrochloride, 20 (except pAV5 TcR gene, 10); for pUC8 and clones derived from it, sodium ampicillin, 125.
Filrer matings. These were as described by Towner & Vivian (1976) . Isolation and purrfication qf'plasmid DNA. The method of Clewell & Helinski (1969) was used; for amplifiable plasmids in E. coli, spectinomycin (300 pg ml-I) was added to cultures towards the end of the exponential phase to amplify plasmid DNA. Yields of DNA were estimated using a Beckman DU-8 spectrophotometer, assuming an absorbance of 1.0 at 260 nm for a solution of DNA (50 pg ml-I).
Restriction endonucleases and T4 DNA ligase. These were obtained from BRL and Boehringer, respectively, and used according to the conditions recommended by the supplier.
Cloning q f p A V5. Purified pAV5 DNA was digested with appropriate restriction endonucleases and ligated into similarly digested pBR328 DNA (Soberon et al., 1980) . Transformation of E. coli with the resulting ligation mixtures enabled the identification of recombinant clones (Fig. 1) by insertional inactivation of the vector resistance genes, colony hybridization and restriction analysis.
Agarose gel electrophoresis qf'DNA,from single colonies. This was as described previously (Divers et al., 1984) . Purified DNA preparations were examined on a transilluminator after staining with ethidium bromide as described by Maniatis et al. (1982) .
Extraction OfDNA,from agarose. Specific restriction fragments were recovered after electrophoretic separation by the following procedure (P. J. Greenaway, pers. comm.). The position of the required fragment was identified by visualization on a transilluminator and a small block of agarose containing this band was cut out of the gel. The block was placed in a syringe (2 ml) inside which two sterile discs of Whatman GF/C paper had been positioned over the nozzle outlet.The reassembled syringe was kept at -70 "C for 30 min and then completely thawed at room temperature. 'The agarose was gently squeezed and liquid collected until the agarose started to burst through the GFjC paper. DNA was purified by phenol (redistilled, equilibrated with TE buffer) extraction, ether extraction and ethanol precipitation (Maniatis et al., 1982) .
Hybridization studies. "P-labelled DNA was prepared by nick translation (Rigby et al., 1977) . Restriction enzyme-digested DNA was transferred from agarose gels to nitrocellulose by Southern blotting. DNA hybridizations were done in 5006 (w/v) formamide in 2 X SSC solution (1 X SSC is 0-15 M-NaCI, 0.15 M-sodium citrate), and incubated ( I 6 to 48 h, 37 "C) with occasional agitation. Colony hybridization was done as described by Grunstein & Hogness (1975) . Autoradiography was done at -70°C with Kodak XRP-5 X-ray film.
Bacterial transformation. For A . calcoaceticus BD413, the procedure of Cruze er al. (1979) was used with recipient cells cultured in L-broth (50 ml) supplemented with 50% (wiv) glucose (0.5 ml). For E. coli, the method of Kushner (1978) was used.
Electron microscopj,. Denaturation--renaturation for the formation of intramolecular homoduplex structures was as follows. Denaturing solution (25 pl; 1 M-NaOH, 0.2 M-EDTA) was added to isolated restriction fragment DNA solution (10 111) previously purified on a Sepharose 2B column. After 10 min at room temperature, the DNA was renatured by the addition of formamide (25 pl) and 2 M-Tris/HCl pH 7.2 (2.5 PI), and incubated at 33 "C for 5 min. DNA was prepared by a cytochrome c monolayer spreading technique similar to those described by Ferguson & Davis (1978) and Brack (1 981).
R E S U L T S

Isolation of plasmids p A V.5, p A V51 and p A 1/52
Divers et a/. (1984) obtained strains of A . calcoaceticus possessing pAV5 (strain C917) and pAV52 (strain C915) as single plasmids, which facilitated their isolation in pure form. A third strain (C916) possessing pAV5 I also harboured pAV 1, but the latter plasmid was apparently largely excluded from preparations of plasmid DNA under the conditions used to isolate pAV5 1, presumably due to its larger size (approx. 135 kb). The plasmid DNA species were used to transform A . calcoaceticus strain C91 (Table 1) : KmR transformants were obtained only with pAV5 and pAV51 DNAs, and TcR transformants only with pAV5 and pAV52 DNAs.
Attempts were made to transform E. coli HBlOl with pAV5 DNA, but no transformants (KmR or TcR) were obtained. Attempts were also made to transfer pAV5 from A . calcoaceticus to E. coli by conjugation using pAV1, a plasmid which mobilizes pAV5 between strains of A . calcoaceticus (Divers et al., 1984) . No stable transconjugants were obtained from matings between E. coli 5K-1 and either A . calcoaceticus JC17 or C4141 (a strain derived from EBF 65/65; Table 1 ). These results support evidence from earlier experiments which indicated that pAV5 could not be maintained in E. coli (R. W. Hedges, pers. comm.).
Restriction endonuclease analysis
Four restriction enzymes, BamHZ, EcoRI, Hind111 and PstI, were used to digest pAV5, pAV51 and pAV52. The products were analysed by agarose gel electrophoresis. The best estimates of plasmid sizes based on these data are 23 kb (pAVS), 11.8 kb (pAV51) and 17.6 kb (pAV52). Some double digests were done using the same enzymes, but due to the complexity of the resulting restriction fragment patterns it was not possible to establish a restriction map from these experiments. However, comparison of the restriction patterns clearly demonstrated a relationship between the three plasmids.
Electron microscopic size determination
Plasmid sizes were also determined by electron microscopy using the size standards in Table  1 
Cloning and derivation of a restriction map of p A V.5
Restriction fragments of pAV5 were cloned in E. coli HBlOl by using the vector pBR328 (Soberon et al., 1980) . Southern blotting and hybridization with 32P-labelled pAV5 DNA confirmed that the inserts were derived from pAV5. Eight different recombinant plasmids were chosen for further analysis (Fig. l) , which enabled the construction of a restriction map for pAV5 (Fig. 1) . By assuming that similarities in the respective restriction patterns of pAV51 and pAV52 represented the presence of the same restriction fragments in pAV5, it was possible to infer maps for these two plasmids from the map of pAV5. This in turn showed that pAV51 and pAV52 were derived by deletion of specific fragments from pAV5 (Fig. 1) . Four clones Recombinant plasmids, designated pAV7 1 to pAV78, show the relevant fragments of pAV5, which were cloned in pBR328 (Soberon et al., 1980) . expressed resistance to kanamycin in E. coli. This located KmR on a 1-3 kb PstI fragment, thus subsequently identifying its position on the restriction maps of pAV5 and pAV51 (Fig. 1) .
Nature o j the KmR determinant Attempts to transfer KmR from strains of A . calcoaceticus harbouring pAV5 (and pAV1) to E. coli resulted only in the rare acquisition of resistance. This suggested that the KmR determinant of pAV5 might be transposable. Similar observations with pAV5 in another laboratory using the IncI, plasmid R64 as a mobilizing agent (Chopade et al., 1985) indicated that E. coli had acquired, at a very low frequency, KmR, which was subsequently provisionally mapped to a chromosomal location close to trp, lac and pur markers (R. W. Hedges, pers. comm.).
In view of this possibility, it was of interest to examine whether pAV5 DNA exhibited stemloop structures under the electron microscope after denaturation-renaturation. The largest BamHI fragment (present in pAV75) was chosen because, of all the cloned pAV5 fragments, it most comprehensively covered the KmR gene and, as a linear molecule, it permitted the location of visible structures with respect to its ends. The isolated BamHI fragment was denatured and renatured under conditions favouring the formation of homoduplex structures and analysed by electron microscopy. The results (Fig. 2, (APH (3')-I ) activity. It therefore seems that this enzyme is specified by the pAV5 kanamycin resistance gene. Confirmation of this was provided by the following hybridization experiment. PstI digests of pAV5, pAV5 1 and pAV52 were transferred to nitrocellulose and hybridized with 32P-labelled pML21 DNA. This plasmid consists of fragments of plasmids ColE1 and R6-5 variously manipulated (Hershfield et al., 1976) , and contains Tn903, the KmR gene of which codes for an APH(3')-I . The results were detected by autoradiography and showed that the probe hybridized only with the 1.3 kb PstI fragment present in pAV5 and pAV51 but not in pAV52. This fragment bears the entire KmR gene of pAV5 (see previous section) and presumably little more. No other fragments of these plasmids and none of pAV52 hybridized. This result demonstrated that the pML21 probe was sufficiently specific for the KmR gene, and indicated that there was little similarity between the insertion sequences of Tn903 (IS903; Grindley & Joyce, 1980) and the inverted repeats flanking the pAV5 KmR gene, since these must extend into the neighbouring PstI fragments, which did not hybridize.
Mapping of'the TcR determinant Purified DNA from pAV71 ( Fig. 1) was digested with HindIII and subcloned in pUC8. A cloned designated pAV711 contained a 1.9 kb HindIII insert and expressed resistance to tetracycline (10 pg ml-*) in E. coli (Fig. 1) .
D I S C U S S I O N
The discovery and genetic analysis of pAV5 Divers et al., 1984) revealed an interesting plasmid capable of undergoing phenotypic segregation of its two antibiotic resistance markers, a behaviour which was originally interpreted as physical dissociation of pAV5 into two constituent replicons. However, the molecular basis of these events was not then clearly understood ; interpretations were based mainly on genetic evidence alone, and reliable physical evidence was not available. The physical analysis described here provides an insight into the structure of pAV5 and a clearer understanding of its behaviour. The existence and identity of plasmids pAV51 and pAV52 derived from pAV5 are confirmed physically and reliable estimates of their sizes (1 1.8, 17-6 and 23.0 kb respectively) have been obtained by restriction analysis and electron microscopy. Comparative restriction analysis, restriction mapping and location of the KmR and TcR genes, facilitated by cloning of pAV5 fragments in E. coli (in which both resistance genes are expressed), indicate that the formation of plasmids pAV5 1 and pAV52 occurred by deletion of specific segments of pAV5. Furthermore, each of the two deleted segments has one terminus close to the KmR gene. Electron microscopy of homoduplex structures revealed the presence of 0.8 1 kb inverted repeat sequences flanking this gene, and some (albeit limited) genetic evidence suggests that the resistance marker is transposable. Although unequivocal genetic evidence is not yet available, it is proposed that the inverted repeats of pAV5 are insertion sequences and that one or both are responsible for the formation of pAV5 1 and pAV52 by generating the observed deletions from its borders. It would follow from this that, together with the KmR gene, these sequences might act as a transposon (provisionally designated Tn4411) on pAV5, of the composite type (Kleckner, 1981) , with its insertion sequences in inverted orientations. The pAV5 kanamycin resistance gene codes for an APH(3')-I enzyme.
It is not yet known whether the breakdown of pAV5 always results in the formation of either pAV51 or pAV52 or whether further derivatives can be formed (i.e. whether the deletions are specific or variable) since only one pair of pAV5 derivatives was studied. In this respect it is interesting to note the presence of a PstI site close to the distal termini (those furthest from the inverted repeats) of each deleted segment, as well as in the inverted repeat itself (see Fig. 1 ). Maybe they indicate some further homology between the regions which possibly might represent favoured target sites for specific deletions.
Two reports have invoked the presence of chromosomally located antibiotic resistance transposons in Acinetobacter (Shimizu et al., 1981 ; Devaud et al., 1982) . In both cases antibiotic resistance phenotypes were non-self-transmissible and apparently not associated with plasmids, but could be mobilized to other strains by use of the conjugative plasmid RP4. The RP4 underwent size increases concomitant with mobilization, which were proposed to be due to transposition of resistance-mediating sequences from the host chromosome to RP4. In one of these cases (Devaud et al., 1982) , evidence was also obtained against the possibility that the RP4-borne Tn3 had mediated the phenomenon.
It is now clear from a number of reports that clinically significant antibiotic resistance in Acinetobacter can be mediated by plasmids (Hinchliffe & Vivian, 1980a; Murray & Moellering, 1980; Goldstein et al., 1983; Divers et al., 1984) and possibly transposons (this study; Shimizu et a/., 1981; Devaud et al., 1982) ; this conclusion is hardly surprising for a Gram-negative, clinically prevalent, opportunistic pathogen. However, the number of such reports is small, and yet clinical isolates of Acinetobacter often exhibit particularly comprehensive antibiotic resistance (Vivian et al., 198 1) . The suggestion that clinically significant antibiotic resistance may be mediated by chromosomally located transposons is therefore an interesting possibility to consider for Acinetobacter.
Few plasmids in Acinetobacter have been subjected to detailed physical analysis. An important factor in this study was the use as a host for pAV5, pAV51 and pAV52 of strain BD413 (designated C9 here), which is not only naturally and highly competent for transformation (Cruze et al., 1979) , but is also apparently free of indigenous plasmids (results not shown). An obstacle to previous attempts at physical analysis of pAV5 was the presence of several indigenous plasmids in the strains in which pAV5 was characterized genetically. The cloning of pAV5 fragments should permit further analysis to identify, for instance, sequences involved in replication and mobilization. An open question remains over the apparent compatibility of plasmids pAV51 and pAV52 for which genetic evidence exists (Divers et al., 1984) ; maybe pAV5 possesses two different incompatibility properties which segregate with the resistance markers. The work described here may also provide a basis for the development of cloning vectors suitable for use in Acinetobacter. This together with strain BD413 would have potential as a useful host-vector system for genetic manipulation in Acinetobacter.
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